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INTRODUCTION 


This report contains oceanographic data collected on five offshore 
cruises of Research Vessel Brown Bear during the months of January to June, 
1961. The cruises presented are numbers 275, 280, 282, 287 and 288, which 
were the first cruises of a series designed to provide data for a year- 
round study of the water characteristics along the Washington-Oregon coast 
with special emphasis on the fresh water entering the system from the 
Columbia River. The objectives of this study are to determine the gross 
features of the movement and dispersion of Columbia River effluent water 
in the open sea off the mouth of the river and along the adjacent coast, 
and ultimately to ascertain the probable fate of any radioactive material 
that might be associated with the effluent or with river~borne materials. 
Funds for this investigation are being provided by the United States Atomic 
Energy Commission under Contracts No. AT (45-1)-1385 and aT (5-1)-1725 
and by the United States Office of Naval Research Contract Nonr-77(10), 
Project NR 083-012. 


Vessel Operation and es of Observations 


The Brown Bear is based in Seattle, and all of the cruises described 
herein departed from and returned to that port. 


Cruises 275, 280 and 287 were primarily for the purpose of obtaining 
physical, chemical and productivity data and zooplankton specimens in the 
area under study. Cruise 282 was a quick trip offshore to moor an experi- 
mental buoy on Cobb Seamount, but six oceanographic stations were also 
occupied. Cruise 288 served a dual purpose of collecting oceanographic 
data and providing instruction at sea for University of Washington 
students enrolled in the Summer Session course entitled "Field Experience 
in Oceanography". Figures 1-5 show the cruise tracks and station locations 
for the various cruises. Preliminary reports describing the work carried 
out have been issued for certain of these cruises (Love and Anderson, 1961, 
Lincoln and Dawson, 1961, Collias, 1961). 


Temperature, salinity and dissolved oxygen were determined at all 
Oceanographic stations. Productivity and chlorophyll measurements were 
obtained at 75 per cent of the oceanographic stations and at some additional 
“productivity only" stations. On most cruises these "productivity only" 
stations were designated by a number and a letter, such as 10-A, 12-D, etc. 
At 4 per cent of the stations, additional water samples were drawn for 
"special chemistry" analyses; namely, phosphate, silicate and nitrate. 


In addition to the above mentioned data which are tabulated in 
this report, several other types of collections and observations were 
made during these cruises. On all cruises except 282, horizontal tows 
with Clarke-Pimpus samplers were made for collection of zooplankton 
samples. Such tows were usually made from four different depths in the 
upper 100 meters twice a day. The salinity-temperature deviation recorder 
was in continuous use during all of the cruises except 282. This instru- 
ment makes continuous recordings of the deviations of temperature and 
salinity of the near-surface water from selected base values. The water 
sampled is pumped through a sea water intake located in the ship's side, 
approximately eight feet below the water line. Other routine observations 
were mechanical bathythermograph and/or electronic bathythermometer 


lowerings at each station, and the lowering of a 12-inch (30.5 cm) Secchi disc 
at each daylight station where productivity measurements were made. Underway 
bathythermograph lowerings were made during some cruises. On all cruises except 
282, continuous measurements and recordings of solar radiation were made. 


Zooplankton and water samples were collected on behalf of the Laboratory 
of Radiation Biology, University of Washington. The zooplankton samples were 
collected with half-meter nets, using horizontal or oblique tows. The water 
samples were five gallons each and collected from the surface and/or near the 
bottom, usually at stations near the mouth of the Columbia River. The water 
and plankton samples were analyzed by the Laboratory of Radiation Biology 
for the amounts of certain gamma-emitting radionuclides present, Zn Ee cr5l, 


p32, Np°39, and K 0. Gross beta-ray counts were also made on the samples. 


During Cruise 288, gravity cores were obtained at five stations and 18 
mid-water trawl samples were collected. 


Collection of Samples 


There was no fixed sequence of station operations during these cruises. 
However, a typical order of procedure was as follows: deep oceanographic cast, 
one or two casts for chlorophyll and productivity samples, shallow oceanographic 
cast, two Clarke-Bumpus tows. Lowerings of the electronic bathythermometer 
and/or mechanical bathythermograph were made while the bottles and attached 
thermometers were coming to equilibrium on the deep and shallow casts. 


Nansen bottles were used to obtain the water samples for salinity and 
oxygen analyses. Chlorophyll and productivity samples were collected with 
modified Van Dorn plastic samplers (Van Dorn, 1957). Some of the special 
chemistry samples were obtained from the Nansen bottle casts whereas others 
were taken from the plastic samplers. An indicator column in the data tables 
tells which sampler was used. 


In general, two different schemes of sampling depths were used. At 
stations near shore or in the vicinity of the low salinity water from the 
Columbia River, or other sources, the Nansen bottles were more closely spaced 
than usual in the upper 100 meters to pick up details of the salinity structure. 
The sampling depths used in these cases were 0, 3, 6, 10, 15, 20, 25, 30, 0, 
60, 80, and 100 meters. At other locations fewer bottles were used in the 
upper layer. 


The sampling depths for chlorophyll and productivity samples corres- 
ponded to 100, 50, 10 and 1 per cent of surface illumination. These depths 
were computed from extinction coefficients as obtained from Secchi disc 
measurements using the formula K = 1.7 where K is the extinction 


coefficient and SECDI is the depth in meters to which the Secchi disc could be 
seen (Poole and Atkins, 1929). 
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Determination and Accuracy of Properties 


Two protected reversing thermometers were used on each Nansen bottle. 
In addition, except on Cruise 288, the bottom seven or eight bottles each 
carried one unprotected reversing thermometer. This arrangement provided 
that on deep casts (usually 200 meters and deeper) all the bottles carried 
an unprotected thermometer, and that on shallow casts, usually all bottles 
at 125 meters or deeper also carried unprotected thermometers. On Cruise 
288 the thermometer arrangement was somewhat different, and two of the 
bottles normally used on the deep cast did not carry unprotected 
thermometers. 

The temperatures shown are in most cases the average of two protected 
thermometer readings after application of the usual expansion and index 
corrections. A study was made to determine the extent of agreement within 
the pairs of corrected thermometer readings recorded during these five 
cruises. Based on the total number of pairs of readings for all these 
cruises, the following table shows the percentage of cases where the value 
tabulated in the "Temperature" column of the station data is the average of 
two readings that differed by 0-0.05°C, by 0.06-0.10°C, or by more than 0.10°C, 
and also the percentage of cases where the temperature is based on one thermo- 
meter reading only, due to thermometer malfunction or other causes: 


Difference between protected One thermometer 
thermometer readings reading only 
0 - 0.05° 0.069 - 0.109  >0.10° 
92. 3h 3g soda 3+hf 


The depths of subsurface observations were calculated from measured 
wire angles; from readings of unprotected reversing thermometers; and from 
smoothed curves of wire length minus thermometric depth (L-Z) versus wire 
length (L), the difference method described by LaFond (1951). 


The salinity determinations were run with the University of 
Washington salinometer (Paquette, 1958). Some were run aboard ship and 
some ashore, as follows: Cruises 275 and 280, partly aboard ship and 
partly ashore; Cruises 282 and 287, all run ashore; Cruise 288, all run 
aboard ship. The values obtained have a reproducibility of + 0. 00h °/o00 
salinity at the 95 per cent probability level and a probable accuracy of 
+ 0.01 °/oo salinity or better at the same level of probability. 


Dissolved oxygen was obtained by the modified Winkler method 
described by Thompson and Robinson (1939). All the analyses were run 
aboard ship. 


Phosphate values were obtained by the method of Wooster and 
Rakestraw (1951), except that the color intensities were measured with a 
Beckman spectrophotometer model DU, and a constant temperature bath set 
at 27° Celsius was used to bring all samples and standards to the same 
temperature. The water samples were obtained from frozen samples on all 
cruises except Cruise 288, these were run both aboard ship and ashore. 


Silicate values were obtained by the molybdenum blue method of Mullin 
and Riley (1955a), except that sodium silicofluoride was used to prepare the 
standard solutions. All analyses for silicate were run ashore using water 
from the frozen samples. 


Nitrate values were obtained using the method’ of Mullin and Riley 
(1955b) with a few minor changes in the procedure of addition of reagents. 
All analyses were run ashore using water from frozen samples. 


The chlorophyll samples were analyzed according to the method of 
Richards with Thompson (1952) as modified for use with the Millipore’ filter 
(Creitz and Richards, 1955). <A turbidity correction was made by subtracting 
the extinction at 7500 K from spectrophotometer readings at other wave 
lengths (Strickland and Parsons, 1960). The error in the technique is 
reported to be about + 5%. An IBM machine was used to process the data. 


The radiocarbon method was used for productivity measurements 
(Steemann Nielsen, 1952). The error in the method is about + 10% (Strickland 
and Parsons, loc. cit.). Approximately 2.5 microcuries of radioactive 


carbonate clos were added to sea water samples in 125 ml light and dark 
pyrex reagent bottles. Incubator measurements were made under constant 
illumination of about 800 foot~candles, using a bank of "Cool-white" 
fluorescent lights. Temperature was controlled with running surface sea 
water. After three to six hours of incubation, the samples were filtered 
on PH Millipore filters (0.3 + 0.024) and stored over silica gel. Sim- 
lated in situ measurements were generally made twice daily, at dawn and at 
noon. Samples were incubated in a topside deck incubator exposed to full 
sunlight illumination. Kodak Wratten neutral density filters were used to 
simulate conditions of 50, 10 and 1 per cent of surface illumination. 
Temperature was controlled by running surface sea water. Periods of incuba- 
tion were either from sunrise to noon or noon to sunset. Usually, only a 
surface sample was incubated during the sunrise to noon period. 


In the laboratory, the filters retaining the C 14 were fumed with 
concentrated HCl for 10-15 minutes to remove traces of inorganic C lu, 
Geiger counting equipment consisted of a Nuclear-Chicago Model D-7 gas 
flow counter with micromil window, 161-A scaler, C-110 automatic sample 
changer and C-111B printing timer. Each sample was counted until a minimum 
number of 1280 total counts was obtained. IBM processing of the data 
included corrections for background, dark bottle uptake, variations in 
inorganic carbon content of sea water, coincidence, and isotope effect (5%). 


The following quantities were computed with the IBM 709 Data 
Processing System at the Research Computer Laboratory of the University of 
Washington: the interpolated values of temperature, salinity, and oxygen 
at standard oceanographic depths; the interpolation error for each of the 
above quantities; the density of sea water at atmospheric pressure as 
sigma-t (o,), for interpolated values; the specific volume anomaly (10° 3); 
and the geopotential anomaly (TAD). Sigma-t for observed values was 
computed on the IBM 650 Magnetic Drum Data Processing Machine. Programs 
developed at the Department of Oceanography were used. The interpolation 
program is based on two three-point Lagrange parabolic interpolation poly-~ 
nomials (Buckingham, 1957). This interpolation scheme yields two estimates 


® Registered trademark, Millipore Filter Corp., Bedford, Mass. 


of the interpolated value of a property at each standard depth. The 

first polynomial makes use of two observed values from depths above the 
desired standard depth and one value from a depth below; the second poly- 
nomial uses one value above and two below. The resulting interpolated 
value is the numerical average of the two estimates. The error of inter- 
polation is equal to the difference in magnitude between the two Lagrange 
interpolation polynomials times a factor depending on the third derivatives. 
This factor is given the value 0.33 in this computer program. The 
derivation of the error term is given by Buckingham (1957). A discussion 
of this system of interpolation and error determination and a derivation 

of the value 0.33 for the factor is given by Rattray (1962). The equations 
for sigma-t were taken from LaFond (1951), and the equations for specific 
volume anomaly and geopotential anomaly were those used by the U. S. Navy 
Hydrographic Office in their computer program (U. S. Navy Rydrographic 
Office, 1955b). With a few local exceptions, the procedures described in 
H. 0. Special Publication No. 12, Part III (U. S. Navy Hydrographic Office, 
1960) were used for coding and punching the data on IBM cards. 


The interpolation program formerly used by this Department made use 
of only one three-point interpolation. This occasionally led io incorrect 
machine-interpolated values at certain standard depths, especially if the 
distribution of observed values was not adequate to properly define the 
curve in that region. The use of two interpolation polynomials in the new 
computer program substantially reduces the chance of obtaining such 
incorrect values. Furthermore, the magnitude of the error terms may be 
taken by the reader as an indication of whether the arrangement of sampling 
depths used was adequate to portray the vertical distribution in sufficient 
detail. 


The geographical positions are based on navigational fixes obtained 
by the watch officers of the Brown Bear. At locations within 18 miles of 
shore, the fix was usually obtained from radar ranges and bearings; beyond 
that distance Loran was used. In the area in which these cruises operated 
the error of Loran fixes is considered not to exceed one mile. In most 
cases a fix was obtained immediately upon arrival on station, and another 
obtained prior to departure from station. Occasionally one or more fixes 
were also obtained at intermediate times while on station. The positions 
reported herein are usually "mean" positions, determined graphically, 
lying between the arrival and departure fixes, and taking into account any 
intermediate fixes obtained. 


Miscellaneous Comments 


The station numbers used on Brown Bear cruises consist of two parts: 
the cruise number, a dash, then a number representing the consecutive number 
of the station within the cruise, viz., 275-1, 275-2, etc. By the use of 
this system, each station of each cruise is uniquely identified. 


The data tables contain a few apparently anomalous values of various 
properties which do not fit on a smooth curve of the particular property 
versus depth. These questionable values are marked with an asterisk (*). 
They have been checked to the extent that existing original data sheets, 
work sheets, and other information will allow and cannot be proved 
incorrect. 


Recent University of Washington Publications Containing Offshore 


Oceanographic Data 
This list continues the one presented in Technical Report No. 66. 


Report No. Reference No. Contains Data Collected 
Technical Report No. 66 60-18 Northeast Pacific, April 1956 
to April 1958 
Technical Report No. 69 M61-2); Chukchi and Bering Seas, Summers 
of 1959, 1960 
Personnel 
AT SEA 


The following persons were members of the scientific staff on one or 
more of these cruises. Unless otherwise noted, all personnel are staff 
members or students in the Department of Oceanography. 


Name Title or Organization Cruise No. 
Almasi, Michael Electronics Engineer 282 
Andersen, Norman K. Research Assistant 288 
Anderson, Dr. George C. Research Assistant Professor 275, 280 
Barton, Ralph F. Marine Aide 288 
Beamish, Neil E. Marine Aide 275, 280 
Broenkow, William W. Research Assistant 288 
Coachman, Lawrence K. Predoctoral Associate 280 

*collias, Eugene E. Senior Oceanographer 288 
Connolly, Joel I. Marine Technician 275, 287 
Dawson, William A. Research Instructor 287 

*Dermody, John Senior Oceanographer 280 
Falls, Paul Research Assistant 288 
Goff, William J. Research Assistant 288 
Griswold, Charles E. Marine Technician 275, 280, 287 
Gucluer, It. Sevket M. Student 288 
Henifin, Lt. Edward E. Student 288 
Henson, Fred D. Senior Marine Technician 280 
Hobson, Louis A. Research Assistant 275 
Hopkins, Robert S. Marine Technician 287, 288 
Horner, Rita A. Assistant Oceanographer 275, 280 
Hulbert, David W. Marine Technician 275 
Johnston, Allan H. Marine Aide 288 
Jossi, Jack W. Research Assistant 288 
Kral, Lt. Anthony J. Student 288 

*Lincoln, John H. Senior Oceanographer 287 
Loskota, Anthony R. Oregon State University 280 


*Love, Cuthbert M. 
Miller, Donald A. 

*Morse, Betty-Ann 
Olofson, Clifford 
Overstreet, Roy 
Raiche, John G. 
Rao, Ramana K. 
Reynolds, Betty R. 


Richards, Dr. Francis A. 


Roberts, Kenneth E. 
Semon, Darrelyn 
Stevens, John W. 
Sweetland, Russell F. 
Sykes, Lt. Lewis B. 
Syrotuck, William G. 
Wiegand, Allen P. 


Senior Oceanographer 
Marine Technician 
Assistant Oceanographer 
Marine Technician 
Teaching Assistant 
Marine Technician 
Research Assistant 
Laboratory Assistant 


Associate Professor 
Marine Technician 
Assistant Oceanographer 
Assistant Oceanographer 
Marine Technician 
Student 

Electronic Technician 
Student Helper 


275, 280, 262 
287 


288 
282 
288 
280 


288 

287 

275, 280, 287, 288 
288 

275, 280, 287 

288 


282 
275 


The Brown Bear was under the command of Captain Franklin W. Princehouse. 


*Indicates cruise leader (Party Chief) 


ASHORE 


The following persons, as well as some of the sea~-going personnel, 
were engaged ashore in the analyses and preparation of these data for 


publications 


Aagaard, Knut 

Corr, Michael 
Edenso, Jim 
Garnjobst, Joan M. 
King, Alma R. 
Lightwood, Keith G. 
Long, Linda K. 
Melton, Robert J. 


Milne, David H. 
Nigro, Nicholas D. 
Riley, Ralph W. 
Rona, Monique R. 
Shafer, Thayer C. 
Van Dyke, Craig 
Wallin, Marsha M. 


Research Assistant 
Marine Aide 

Tab Machine Operator 
Marine Aide 

Secretary -Typist 
Assistant Engineer 
Laboratory Technician 
Marine Aide 


Research Assistant 
Marine Technician 
Marine Chemist 
Programmer 
Research Assistant 
Marine Aide 
Keypunch Operator 


EXPLANATION OF DATA TABLES 


The information in the data tables was transcribed directly from IBM ame 
cards using an IBM Type 407 accounting machine. A blank space in the 
tables or headings indicates that no observation was taken. The original 
data and the interpolated and computed values punched on the cards were ’ 
recorded or coded in accordance with the procedures used by the U. S. Navy 
Hydrographic Office (1960). The codes used to describe weather and sea 
conditions, etc., will be found in H. 0. Publication No. 606-cC (U. S. Navy 
Hydrographic Office, 1956) and H. 0. Publication No. 607 (U. S. Navy 
Hydrographic Office, 1955a}. Some changes were made in the card form but 
vhese do not affect the arrangement of the data in this report. Abbrevia- 
tions and column headings are described below and, where necessary, the 
Hydrographic Office numerical codes have been reproduced to aid in 
interpreting the data. 


Abbreviations and Headings Used_in Data Tables 
DATE Greenwich month/day/year 


HR (Hour) Greenwich mean time to the nearest hour of the 
messenger drop on the shallow cast. If the 
messenger drop occurred at exactly 30 minutes 
after the hour, the time was rounded to the 


nearest even hour. . 

LaT (Latitude) In degrees and minutes 
e 

LONG (Longitude) In degrees and minutes 


SDG (Depth of water) Depth of water in meters at the station as 
determined by the ship's echo sounder. This 
depth was generally recorded immediately after 
the ship arrived on station. 


WEA (Weather) State of the weather. See code, page 13. 


SECDI Depth in meters to which a 12-inch (30.5 em) 
(Water transparency) Secchi disc could be seen on daylight stations. 


BA To obtain the barometric pressure in millibars, add 
(Barometric pressure) 900 if this number is above 50; add 1000 if below 50. 


CL AMT 

(Cloud type and cloud cover) 
Cloud type, see code, pages 11 and 12. 
Cloud cover, see code, page 12. 


DRY 
(Air temperature, dry bulb) In degrees Celsius ’ 


WET 
(Air temperature, wet bulb) In degrees Celsius = 


RELHU (Relative humidity) Expressed in per cent 
VIS (Visibility) Range of visibility. See code, page 12. 


WEL -DIR__ 
(Wind velocity and direction) Wind velocity in meters per second. Wind 
direction, see code, page 12. 


SEA___ DIR __ State of the sea, see code, page 12, Direction 
(Sea state and direction) from which sea was coming, see code, page 12. 


SWL DIR 

(Swell amount and direction) Height and wave length of swell, see code, 
page 14. Direction from which swell was coming, 
see code, page 12. 


BIMCODE (Bottom type) See code, page 1. 


WA (Wire angle) In degrees. Wire angles are tabulated only for 
those casts whose numbers appear in the "Cast! 
column at the left of the page, i.e., casts from 
which data were obtained. The first number is 
the wire angle for Cast 1, or the lowest numbered 
cast appearing, the second for Cast 2, etc. 
Dashes (---) indicate the wire angle was not 
recorded for that cast. 


CAST Cast number 

DEPTH Depth in meters from which sample was obtained. 
TEMP (Temperature) In degrees Celsius 

SAL (Salinity) In parts per thousand (°/o00). 

Sigma-T (c+, ) An expression for the density of sea water at 


atmospheric pressure, having the indicated 
temperature and salinity. To convert sigma-t 
values to density, divide by 1000 and add 1; 
thus sigma-t 22.2 = density 1.0222. 

OXY (Dissolved oxygen) In milliliters per liter (ml/1). 

PHOS (Phosphate-phosphorus) In microgram-atoms per liter (ug-at/1) 

SIL (Silicate-silicon) In microgram-atoms per liter (ug-at/1) 

NITR (Nitrate-nitrogen) In microgram-atoms per liter (yg-at/1) 

CHL-A (Chlorophyll a) In milligrams per cubic meter 


PROD-I (Incubator productivity) Expressed as milligrams carbon assimilated 
per cubic meter per hour. 


10 


PROD-S (Simulated in situ productivity) Expressed as milligrams carbon 
assimilated per cubic meter per day. 


SP VOL ANOMALY The anomaly of specific volume of water . 

(Specific volume anomaly, 1053) at the indicated temperature, salinity, 
and pressure compared to a standard water 
of 0°C temperature and 35 °/oo salinity 
at the same pressure. (The depth in 
meters is taken as numerically equal to 
the pressure in decibars.) Tabular 
values multiplied by 10-> will give the 
anomaly in units of cubic centimeters 


per gram. 
GEOPOT ANOMALY Geopotential anomaly in dynamic meters 
(Geopotential anomaly,2 AD) of the layer of water between the surface 


and the indicated depth. (The depth in 
meters is taken as numerically equal to 
the pressure in decibars.) 


E(T) Interpolation error, in degrees Celsius, 

(Temperature interpolation error) of the temperature value at this depth. 
For a discussion of the interpolation 
error, see page 5. Dashes (---) in this 
colum indicate that the interpolated 
value at this depth is based on one 
interpolation polynomial only and 
therefore the error could not be deter- 
mined. A blank space in this colum 
indicates no interpolation was made 
because the observed depth corresponded 
to the desired standard depth. 


E(S) Interpolation error, in parts per 
(Salinity interpolation error) thousand, of the salinity value at this 
depth. See comments under E(T) above. 
E(0) Interpolation error, in milliliters per 
(Oxygen interpolation error) liter, of the oxygen value at this depth. 


See comments under E(T) above. 


A,C,E,P,M "Indicator" letters which have the mean- 
ings defined below. 


A All of the observed values at this depth 
were obtained from the productivity cast, 
using modified Van Dorn plastic samplers. 
See page 2. 


Cc Special chemistry values (phosphate, 
silicate and nitrate) at this depth, as 
well as chlorophyll and productivity values 
were obtained from the productivity cast. 
All other values are from the Nansen bottle 
cast. 


il 


E Chlorophyll and productivity values and. special 
chemistry values, except phosphate, at this depth were 
obtained from the productivity cast. Phosphate and all 
other values are from the Nansen bottle cast. (This 
situation occurs only on four stations of Cruise 280.) 


P Only the chlorophyll and productivity values at this 
depth were obtained from the productivity cast. All 
other values are from the Nansen bottle cast. 


No indicator letter Indicates all values at that depth are from the Nansen 
(observed values) bottle cast. 


M The interpolated values at this depth are based on 
observed values from more than one cast (casts were 
mixed"), 

--- See WA (wire angle) or E(T), (Temperature interpolation 
error) for the meaning of dashes in these or other 
columns. 

% Indicates a questionable value. See page 5. 


Codes Used for Reporting Observations 


Taken from U. S. Navy Hydrographic Office Publication No. 606-C, 
"Hydrographic Office Observers Manual, Bathythermograph Observations" 
and U. S. Navy Hydrographic Office Publication No. 607, "Instruction 
Manual for Oceanographic Observations". 


Cloud Type 

Code 

0 Stratus or fractostratus 
1 Cirrus 

2 Cirrostratus 

3 Cirrocumulus 

h Altocumulus 

5 Altostratus 

6 Stratocumulus 

7 Ninbostratus 

8 Cumulus or fractocumulus 
9 Cumulonimbus 

x Cloud not visible owing to darkness, fog, duststorm, sandstorm, or 


other analogous phenomena. 
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Amount of Cloud Cover (WMO Code 60) 


Code 
0 No clouds 
1 Less than 1/10, or 1/10 
2 2/10 and 3/10 
3 4/10 
4 5/10 
5 6/10 
6 7/10 and 8/10 
7 9/10 and 9/10 plus 
8 10/10 
9 Sky obscured 
Visibility 
Code Description 
) Dense fog 
2 Thick fog 
2 Fog 
3 Moderate fog 
hk ; Thin fog or mist 
5 Visibility poor 
6 Visibility moderate 
7 Visibility good 
8 Visibility very good 
9 Visibility excellent 


Objects not visible at: 


50 yards 

200 yards 
400 yards 
1000 yards 

1 mile 

2 miles 

5 miles 

10 miles 

30 miles 
over 30 miles 


Direction (Compass Direction from which Wind, Sea, or Swell is coming) 


Code 


00 Calm, or no value 


Ol to 36 ach value represents 1/10 of the true direction in degrees, 
measured clockwise from the north, with 36 representing true 


north. 


State of Sea - Wind Waves (WMO Code 75) 


Code Description 


Calm (Glassy) 
Calm (Rippled 
Smooth (Wavelets) 
Slight 

Moderate 


Very High 
Phenomenal 


WODMNAMNEWhwHO 
g 
$ 


Height (Feet) 


0 
0-1/3 
1/3 - 1 2/3 
12/3-4h 
4-8 
8 - 13 
13 - 20 
20 - 30 
30 - hs 
over 5 


Note: The bounding height is to be assigned to the lower code, that 


is, a height of feet is coded as 3. 


x 
W 
< 
a 
< 
W 
> 
= 
Z 
W 
") 
WW 
x 
ao 
| 
” 
Ww 
a) 
0 
O 
x 
uW 
Zz 
< 
Ww 
5 
-l 
< 
Y 
V4 
Ww 
= 
a 
Zz 


uthou! reciola 
) during past hour. 


but MOT at time of 


Fog. shy NOT discern] 6. 
ce mle. has Begun or be- 
wher durin 


Fag. shy WOT diecern-] Fag. shy sacernitie, | in 
sate, has become thin: ino apprecieble change ne 8 eciaels ates aft 
. a iY uring pe 


Swell Conditions 


Approx. Height Approx. Length 
TAG Beat e Description in Feet 
eae 


Short or average 0 - 600 
Long Above 600 


ee es swell 
Short 
Average 


6-12 Moderate 
Long 
Greater jesse 
High verage 
than 12 & Long 


ee oe seme ee 


np 


Bottom Type 
Code 
ce) Not otherwise specified 
1 Mud or ooze 
2 Sand and mud 
3 Sand 
h Sand with shells and/or gravel 
5 Shells 
6 Gravel 
7 Rock 
8 Coral 
9 Stone 
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Fig. 1. 


Chart of the Northeast Pacific Ocean showing area covered 
by the cruises reported in this volume. 


RKLEY SOUND 
APE BEALE - 


‘CAPE Sa 
fFLATTERY ! 


STATION 11 
46° 12' N. 
t29° 39° Ww. 


Fig. 2. Station locations Brown Bear Cruise No. 275, 10-27 
January, 1961. 
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Station locations Brown Bear Cruise No. 287, 8-24 
May, 1961. 
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